Background
Barbituric acid and thiobarbituric acid and their derivatives as hypnotic-compounds containing the active methylene are considered being as a good starting material to prepare specific class of heterocyclic molecules via Knoevenagel mild condensation condition [1] [2] [3] [4] . Combination of thiobarbituric acid and different aldehydes via dehydration reactions is a useful synthetic technique to design novel mono-/or poly-substituted thiobarbiturate derivatives [2] [3] [4] [5] [6] [7] [8] . Such compounds recently become highly attractive to pharmaceutical chemists, since it is biological very activity, it used as: anticancer, antiinflammatory, antioxidant, antibacterial, anti-convulsing, antifungal, antihypnotics and antiangiogenic agents [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Moreover, these compounds were broadly used as enzyme inhibitors [15] , for example, it was good to inhabit tyrosinase enzyme which contributed to the neurodegeneration associated with Parkinson's disease [15] [16] [17] . For such reasons, there is an urgent need to develop novel and active tyrosinase inhibitors; which is considered as a promising breakthrough enzyme-inhibitors compounds.
Many polar-organic crystalline molecules with noncentrosymmetric crystal structures reflected a very high second-order non-linear optical (NLO) properties [18, 19] . Several organic compounds which were prepared through condensation reactions may own NLO-properties; such properties can be enhanced via introducing of π-bridge in between two different functional groups donor-acceptor-donor (D-A-D) in the desired organic compounds [19] .
In this study, 5-((5-chloro-1H-indol-2-yl)methylene)-1,3-diethyl-2-thioxodihydro-pyrimidine- 4, 6 (1H,5H)-dione compound has been prepared through one pot condensation reaction in a good yield, the structure of exo-isomer was confirmed by XRD-single crystal and spectrally characterized. Several experimental spectral measurements were compared with their corresponding theoretical parameters. Initially, exo-endo isomerization reaction was DFT-computed and its T.S was detected under QTS2 level of calculation.
Results and discussion

Synthesis
Linking thiobarbituric acid with suitable aldehydes in order to prepare heterocyclic thiobarbiturate derivatives for structural analysis and pharmaceutical applications become a very broad area of research [1] [2] [3] . The 5-((5-chloro-1H-indol-2-yl)methylene)-1,3-diethyl-2-thioxodihydro-pyrimidine-4,6(1H,5H)-dione derivative was prepared through one pot Knoevenagel dehydration reaction, as in Scheme 1. Condensation of 1,3-diethyl-2-thioxodihydro-pyrimidine-4,6(1H,5H)-dione with 5-chloro-1H-indole-2-carbaldehyde under reflux conditions revealed the formation of the desired thiobarbiturate in a very good yield. The synthetic methodology here reflected high yield without side products, moreover, short refluxed time was required compared to recent synthetic methodologies [1] [2] [3] [4] [5] . Knoevenagel mild condensation condition consider to be fast and easy method of synthesis, therefore, it can be performed in simple lab, moreover, the desired product is attractive to pharmaceutical chemists, several medical applications like: anticancer, antioxidant, anti-inflammatory, antibacterial, antifungal, anti-convulsing and antiangiogenic agents can be evaluated in future work then compared to published applications [5] [6] [7] [8] [9] [10] [11] [12] . The structure of exo-isomer was clearly identified by X-ray crystallography together with  several physical analyses like: TOF-MS, CHN-EA, UVvisible, IR,  1 H and   13 C-NMR spectroscopy.
TOF-MS analysis
TOF-MS of the desired compound reflected very good agreement with the C 17 H 16 ClN 3 O 2 S expected molecular formula; the (MH+) molecular ion peak was detected experimentally to be m/z = 361.3, since the theoretical m/z ion peak found to be 360.2, this seen is consistent with recent result [1, 21] .
X-ray crystallographic and optimized structures
Crystals were grown by slowly evaporation of ethanol from compound ethanolic solution. The XRD data was collected on BRUKER APPEX-II CCD diffractometer, using graphite monochromatic Mo Kα radiation, λ = 0.71073 Å, at T = 293(2) K. Details of crystallographic measurement are given in Table 1 . Direct methods were utilized to solve the structure using SHELXS-97 program [20] . The light-yellow compound crystal is shown in In solid state, no solvent molecules were detected in the crystal lattice; the desired thiobarbiturate is composed of thioxodihydro-pyrimidine-4,6(1H,5H)-dione ring bonded to 5-chloro-1H-indole ring via C=C bond, the two ethyl groups which were bonded to the thioxodihydro-pyrimidine-4,6(1H,5H)-dione via the N atoms are in trans positions to each other. The two rings are in Scheme 1 Synthesis of desired thiobarbiturate product one plane which flattens the molecule, XRD structure confirmed such seen since all the atoms in the molecule (except terminal ethyl groups) are with sp 2 hybridizations. The structure was solved as dimer, the two molecules connected together via N-H…O strong H-bond in perpendicular planes. The two molecules in the dimer are structurally semi-identical and both solved as exo-isomer stereo-structure (Fig. 2a) .
The B3LYP exo-optimized parameters and XRD-structural (bond lengths and angles) are listed in Table 2 .
A very good matching between calculated and theoretical structural parameters results were collected, as seen in Fig. 3 . The bond length vs. bonds type and the angle value vs. angles type in both experimental and theoretical are very close in their values, as seen in Fig. 3a , c. Excellent graphical correlations between the exp.-XRD and DFT/B3LYP calculated bond distances and angles were found to be 0.9883 and 0.9932, respectively (Fig. 3b, d ).
Endo/exo DFT-isomerization via sp
2
-sp
2 single flip rotation
Since the thiobarbituric acid is a high symmetrical organic compound, the Knoevenagel condensation reaction with aldehydes thiobarbitone products expected to have no E/Z isomers [21] . Based on the XRD-structure and its energy profile, the exo-isomer is considered to be structurally-favored isomer (exo-isomer steric-less compared to the endo-isomer), as explained in Scheme 2.
The stereo-chemical difference between the exo and endo isomers is controlled by simple flip vertical rotation around highlighted C9 sp2 -C7 sp2 bond; this rotation caused a dramatic change in the C11-C10-C9-C7 dihedral angle from 0° (exo) to 180° (endo). Using this fact, and by neglecting all the expected intermolecularforces in the both isomers (gaseous state), they were optimized under DFT-B3LYP/6-311++G(d) level of theory, the less global-minimum energies profile of exo-isomer (− 1830.84518316 a.u.) supported to be the more stable isomer (zero reference energy, E exo = 0.0 kJ) with 1.45 dihedral angle, while for endo-isomer is with − 1830.85592406 a.u., E endo = 28.2 kJ and 177.82 dihedral angle. The energy of the transition state and its structure were solved using QTS2 method of calculation. T.S energy profile found to be high the exo and endo energy − 1830.83370311 a.u. E T.S = 58.34 kJ, the structure was detected as in between endo/exo isomers structure with 90° dihedral angle C11-C10-C9-C7, that is expected since two rings are in semi-perpendicular to each other. The energies profiles reflected two important seen, first the exo-isomer (less steric) is favored over endo-one (more steric) consisted with the XRD-experimental solved structure, second the rotational isomerization exo⇔endo reaction via 180° sp 2 -sp 2 single bond flip is possible since ΔE is very small, as seen in Fig. 4 .
Combined crystal interaction, Hirshfeld, MEP and Mulliken charge analysis
The crystal structure of the molecule was solved as dimer form (Fig. 5a) ; the two molecules which compose the dimer are structural semi-identical, they are nearly flat and linked together via N-H…O H-bond. The short N-H…O hydrogen bonds (2.442 Å) connected the two the molecules reflecting its stability as perpendicular bi-molecule dimer, various intermolecular short interactions such as: C-H…Cl with 2.763 Å, C-H…S with 2.959 Å and π…π with 3.348 Å were detected which stabilized crystal lattice in 3D-network morphology. The nature of these interactions was computed by HSA. The HSA result of the compound is illustrated in Fig. 5b . Since the compound contains number of heteroatoms such as S, N, O and polar H atoms it is expected to have several red-spots on the HSA computed surface [22] [23] [24] . Sufficient numbers of red-spots were detected on the molecule surface reveals the presence of H-bonds and other short contacts as seen in the d norm map (Fig. 5c ).
The main hydrogen bonds with biggest red-point was cited N-H…O intermolecular confirming the connected of two molecules via short interaction in semi-perpendicular plane, the other H-bonds like C-H…Cl and C-H…S were detected as smaller red-points which consisted with their longer distances. Furthermore, the compound was subjected to MEP map analysis, blue-regions on the MEP surface indicated the electrophilic parts [21] , for Scheme 2 Exo-endo isomerization example, proton of the H-N functional group consider to be the strongest electrophile since deep blue color was observed (Fig. 5d) . On the other hand, the protons of the phenyl ring are less electrophilie since light blue color was detected. The red or orange colored around S, O and Cl atoms indicated the electronic richness positions (nucleophilic functional groups). For such reason, N-H….O hydrogen bond is highly expected to be formed as main H-bond (red or orange bind blue). Such computational output is consistent with XRD-experimental collected and HSA theoretical results. Exo, endo isomers and their T.S were subjected to DFTB3LYP/6-311G(d) Mulliken charge population analysis as summarized in Fig. 5e and Table 3 . The analysis supported the existence of nucleophilic electronsdonor and electrophilic electron-acceptor functional groups in the isomers and the T.S [22] . In general all the hydrogen atoms revealed electrophilic sites in between (~ + 0.16 − 0.26e), proton of amine in exo-isomer was the highest electrophile one with ~ + 0.359e. This seen supported its acidity as well as polarity to form strong H-bonds. The carbonyl oxygen atoms in the exo-isomer showed higher nucleophilicity ~ − 0.418e explaining their roles in formation of several H-bonds in the crystal lattice of the compound. This result is consistent with the XRD packing, MPE and HSA studies.
DFT and experimental
1 H NMR The theoretical and experimental 1 H-NMR spectra of the prepared thiobarbiturate are illustrated in Fig. 6 . In aliphatic region two broad peaks corresponding to CH 3 at 1.3 ppm and CH 2 at 4.5 ppm, four peaks corresponding to the C-H aromatic protons in between 7.0-9.0 ppm were recorded, the aldehyde-proton =CH is detected at 9.6 ppm, while the acidic amine-proton (NH) is recorded at 13.1 ppm as in Fig. 6a .
The experimental and theoretical (GIAO and ACD-LAB) in DMSO-d 6 were matched as in Fig. 6b and in c. The experimental and calculated protons chemical shifts revealed an excellent correlation, the correlation coefficient determined by GIAO and ACD-LAB against experimental found to be 0.950 and 0.972, respectively. 
FT-IR (DFT and experimental)
The DFT-theoretical and experimental-IR spectra of the thiobarbiturate revealed a number of functional groups ) and C=C (exp. = 1286 cm −1 , DFT = 1325 cm −1 ), the other functional group vibrations were sited to their positions [1] [2] [3] 27] . B3LYP theoretical IR frequencies are higher than experimental one, which is expected since the experimental spectra was performed in solid state while the theoretical are in gaseous state. The DFT/Exp. IR correlation coefficient found to be 0.9931 which reflected an 
Electronic, HOMO/LUMO energy and TD-SCF transfer
Experimental UV and theoretical TD-SCF/DFTB3LYP/6-311G(d) spectral analysis of the desired compound were performed in ethanol and chloroform solvents, HOMO and LUMO energy levels for exo-isomer are computed in ethanol as in Fig. 9 .
Experimentally, the UV behavior reflected π → π* electronic transition one sharp peak at λ max = 430 nm in both ethanol and chloroform solvents (Fig. 9a) . The TD-SCF/ DFTB3LYP/6-311G(d) calculations exhibited one abroad band at λ max = 397 nm in both solvents (Fig. 9b) . No significant difference in the electronic behaviors (Uv and TD) were detected by changing solvents which reflecting a high degree of harmony between exp. and DFT analysis. The experimental wavelength showed a very good agreement with TD-B3LYP/6-311G(d) an experimentally bathochromic shift with Δλ max = 33 nm were detected. To understand the electron transfer in FMO of the molecule HOMO and LUMO was computed in ethanol [25] [26] [27] , ΔE LUMO-HOMO = 0.128 a.u. (3.49 eV). Due to TD-B3LYP/6-311G(d) the main electron transfer at λ max = 397 nm can be attributed to HOMO → LUMO (97%), while λ at 362 nm to HOMO-2 → LUMO (96%) and λ at 445 nm to HOMO-1 → LUMO + 1 (95%).
Global reactivity descriptors (GRD)
GRD quantum parameters can be easily estimated from the energy gap levels using Koopman's notation as follows:
GRD parameters used by the frontier electron density to explain reactions in conjugated system and predicting the most reactive position in molecule. The conjugatedmolecules are detected by a small E HOMO/LUMO , which facilitated the understanding of the structural activities of molecules [22] [23] [24] .
Using the GRD equations above, the electronegativity (χ), electrophilicity (ω), chemical potential (µ), hardness (ƞ) and softness (σ) for exo-isomer were calculated, as shown in Table 4 .
The advantage of such quantum parameters have been demonstrated to understand the molecular activities of such compound to be used as metal-coordination ligand or search for other biological applications. 
Nonlinear optical (NLO)
The quantum computation of nonlinear optical (NLO) properties of a compound has interesting role for new materials design in optical processing and modern material technology [28] . It is importance in providing optical modulation, frequency shifting, fiber, switching, optical materials laser and optical memory [22] [23] [24] [25] [26] [27] [28] . The NLO quantum calculations like polarizabilities and hyperpolarizabilities became easy and available via the DFT calculation method. Up to our knowledge, no theoretical DFT-computations were reported addressing NLO for thiobarbiturate molecules; therefore, this excited our concern to start such study. To setup the relationship between NLO and structure of the desired molecule the anisotropy polarizability (Δα) the dipole moment (μ), the mean polarizability (α) and the hyperpolarization (β) are calculated using B3LYP/6-31G. Urea has been used as NLO-reference proto-typical; therefore, NLO parameters of the urea were computed in the gaseous phase together with target molecule under the same level of theory, as seen in Table 5 . The polarizability, anisotropy polarizability and the hyperpolarizability of title compound were calculated 16.66, 20.234 and 13.872 times better than the urea reference-molecule. It is worth noted that the 5-((5-chloro-1H-indol-2-yl)methylene)-1,3-diethyl-2-thioxodihydro-pyrimidine-4,6(1H,5H)-dione compound has higher NLO properties compared to urea reference, implying of such compounds to be as new NLO promising materials.
Thermal stability
TG/DTG analysis of the desired thiobarbiturate was performed in the temperature range of 0 to 1000 °C in open air atmosphere with heat rate of 5 °C min −1 , as seen in Fig. 10 . Below 380 °C, the compound displayed good thermal stability, and then it thermally decomposed in one step in the range of 380-520 °C, above 520 °C, the compound was completely decomposed with zero mass residue. 
Conclusions
Experimental
General
The XRD-data was collected on a Bruker APEX-II D8 diffractometer. The NMR spectra were run in DMSO-d 6 using Jeol-400 spectrometer. All the chemicals were purchased from Sigma. Table 5 The mean polarizability (α), total staticdipole moment (μ), the anisotropy polarizability (Δα) and the mean hyperpolarizability (β) for the studied compounds 
